Phase Schedule is a Last Planner System practice whose role, both from a practical and theoretical point of view, is still being debated in the construction industry. Thus, there is a need for a better understanding of Phase Schedule implementation practices and the impacts of those on production planning and control. This paper presents the results of the implementation and evaluation of the LPS focusing on the Phase Schedule practices based on two in-depth case studies developed from April 2016 to August 2017 in Salvador-Brazil.
INTRODUCTION
The development of the Last Planner System (LPS) established several changes in the way construction projects were planned and controlled. According to Ballard (2000) , Last Planner can be understood as a mechanism for transforming what SHOULD be done into what CAN be done, forming an inventory of ready work, from which the Weekly Work Plan (WWP)can be formed. The LPS is divided into different planning levels (Ballard andTommelein, 2016) :master scheduling, which the milestones and phases durations More recently, studies related to the analysis of metrics that can support the adherence between plan levels in the LPS were presented. Emdanat and Azambuja (2016) analyzed several data from LPS implementations and identified metrics that allow the integration between planning levels. A set of the metrics identified in the literature may support the adherence and integration between planning levels, based on Ribeiro (2018) Phase Schedule meetings to perform planned activities within the defined deadline (Emdanat and Azambuja, 2016) . It is measured by the percentage of the ratio between the activities ready to be executed (constraints removed) and the total number of activities planned during the Phase Schedule cycles;  Percentage of Constraint Removal (PCR):evaluates the effectiveness of lookahead planning in relation to the process of removing constraints (Jang and Kim, 2007) ;  Percent Required Completed or Ongoing (PRCO):evaluates how many of the activities that were ready to be executed were actually completed or are certain to be finalized within the expected deadline (Emdanat and Azambuja, 2016) ;  Percent Planned Complete (PPC): is a number of planned activities completed, divided by the total number of planned activities, and expressed as a percentage (Ballard, 2000) ; and Cause of non-completion plan: investigation of the causes for non-completion of the plans (Ballard, 2000) .  Unplanned Activities Included in the commitment planning (UAI):evaluates the percentage of activities included in the commitment planning that were not planned in Phase Schedule (Ribeiro, 2018) .  Unplanned and Unfinished Activities in the commitment planning (UUA):evaluates the percentage of activities in the commitment planning unfinished and not planned in Phase Schedule (Ribeiro, 2018) .
RESEARCH METHOD
This research was divided into four phases: 1) literature review to find the knowledge gaps; 2) development of the Case Study A to implement the LPS and the Phase Schedule practices; 3) development of the Case Study B to incorporate the LPS and the Phase Schedule practices; and 4) development of a set of guidelines to implement and evaluate the LPS focusing on the Phase Schedule practices and identification, as well as the identification of the theoretical contribution of the study.
CASE STUDY A AND B
The case study A was developed during the construction of a clinical facility, from April to December 2016, located in the city of Salvador, Bahia, Brazil. The project team had already used elements of the LPS, such as visual controls, daily huddles and PPC metric. However, it was their first experience using the Phase Schedule practices. The implementation of LPS focusing on the Phase Schedule practices occurred over 33 weeks, which included the Phase Schedule Cycle. The Phase Schedule cycle occurred through the following steps: (a) preparation, that occurred through training sessions and the phase definition; (b) meetings, which analysed the activities of the phase by using techniques (reverse plan, post it and board); and (c) monitoringof the activities and constraints planned, through performance measures and the evaluation of the implementation. A total of five cycles of Phase Schedule implementation was developed for the phases of foundation, structure, masonry, electrical and plumbing installation, facade, ceiling plaster board and drywall system. These meetings were attended by the project engineering team, subcontractors and the research team. Between these construction phases, weekly-basis meetings were heldto monitor the LPS implementation. The Phase Schedule meetings and the monitoring visits occurred at the construction site and lasted for an average of two hours.
The case study B was developed during the construction of a commercial building, from December 2016 to August 2017, also located in the city of Salvador, Bahia, Brazil. The project team already had experience with the Phase Schedule practices from the Study A.
The implementation of the LPS and the Phase Schedule cycles occurred in a similar way to the Study A, over 39 weeks. The meetings were also attended by the project engineering team, subcontractors and the research team. A total of seven Phase Schedule cycle was developed during this period, involving the following construction phases: structure, masonry, electrical and plumbing installation, internal mortar plaster, levelling mortar, facade, drywall system and internal painting. Every two weeks, meetings, with a total of 20 meetings, were held to monitor the LPS implementation during this period. The meetings also occurred at the construction site and lasted for an average of one hour. This reduced time was justified by the learning effect of those involved.
In addition, data from document analysis and interviews were collected during each phase of the case studies (Table 1) . 
DATA ANALYSIS
Based on the literature review and the Case Studies A and B, it was possible to understand that the (a) effectiveness of the Phase Schedule practices, which are the techniques used (reverse planning, board, post-it) are concerned to collaboration and transparency and (b) the effectiveness of the processes of the LPS, which are the procedures the team will perform to achieve the defined goals (monitoring of the activities and constraints, use of metrics, etc), are related to adherence between planning levels, reliability of plans and commitment to the deadlines. The metrics selected to evaluate the LPS and the Phase Schedule were presented in the literature review and Figure 1 . Thus a set of constructs and variables were proposed for data analysis, defined as follows:  Collaboration: this is related to the team's ability to make joint decisions, based on shared knowledge among those involved, encouraging their commitment to the execution of activities. The variables are:(a) commitment to the execution of activities; (b) joint decision making; and (c) shared knowledge.The main sources of evidence used were participant observation, data analysis and interviews. 
RESULTS AND DISCUSSION

CASE STUDY A
Based on the five Phase Schedule cycles carried out with the team involved and the 33 weeks of data collection, a set of lessons learned were identified concerning the factors that promote a more collaborative environment. A good practice identified was the earlier discussions for setting goals among the production engineer and the person in charge for the construction activity in the phase analyzed. Identified during the phase schedule meeting was that the reverse plan methodology and visual tools (post it and mural) support the joint definition of the best way to perform the activities, as well as the verification of possible interferences and constraints of activities. This result was confirmed by the interviewees who stated that the visualization of the project as whole, through the visual tools, simplified the information and made the activities easy to understand. During the execution of the activities, a self-reorganization and better interaction between the team involved in the Phase Schedule cycles when there were changes in the plan were observed as an important achievement. By the joint analysis of the metrics selected, the analysis of adherence between planning levels were carried out. Figure 2 presents the results of the indicators CL and PCR and the indicators PRCO and PPC. The control cycle adopted for the analysis was 30 days, therefore more than one control cycle could be observed in some of the phases. The phases analyzed were Foundation (FO), Structure (S), Masonry and Electrical and Plumbing Installation (M/EP), Facade (FA), Ceiling Plaster Board and Drywall System (CPB/DS). The results of PCR indicator (average of 66%) indicated that many constraints were not removed until the due date established in the Phase Schedule/lookahead planning; however, there was a greater effort by the team to remove the constraints at the last moment (after the due date but before the start date of the activities). This can be seen through the results of the CL indicator (average of 88%),which show the level of commitment of participants in Phase Schedule meetings to perform planned activities within the defined deadline (first commitment), thus improving the reliability of the plans. However, the second commitment, which is to finish the activities on the dates planned, was not attained by the team, evident in the PRCO results (average of 48%). As it was the first time that the team had to define the execution's final dates with a greater anticipation of the execution date, this low PRCO result occurred due to the lackof experience to define the execution's final dates, compromising the deadlines established in the Phase Schedule cycles.
The PPC involved two types of activities: the ones planned in the phase schedule and the ones not planned. The activities not analyzed in the Phase Schedule/lookahead planning had an impact on the PPC average (68%), as can be observed by the UAI indicator results, where 63% of the activities included in the commitment planning were related to those activities. Corroborating this, the UUA indicator results showed that an average of 58% of the uncompleted activities in the commitment planning were related to the activities not planned in the Phase Schedule/lookahead planning. Also, the late hiring of the electrical and plumbing subcontractor caused the delay in accomplishing the deadlines established in the master schedule, evaluated by the TD metric.
CASE STUDY B
As in the Case Study A, a set of lessons were learned based on the seven Phase Schedule cycles and the 39 weeks of data collection. During the execution of the activities, more collaborative teamwork was noticed, because all teams were already aware of their commitments and milestones defined during the schedule meetings phase, thus reducing the transfer of responsibilities on site. In this case study, the phase schedule board with the activities was improved by highlighting the building stories, which provided a more effective visualization of the sequence and parallelism of the activities. As in the Study A, the joint analysis of the metrics selected contributed to the analysis of the adherence between planning levels. The team made a greater effort to remove the constraints at the due dates (PCR average 78%) and to make the activities ready to be executed (CL average 72%), probably because of the learning effect. Although the performance of the PRCO (average of 69%) was below the CL indicator, it was noted that the team made an effort to accomplish the second commitment established in Phase Schedule/lookahead planning and to finish the majority of the activities on the scheduled dates, as can be seen in the PRCO results in the Figure 3 .
Although the number of Phase Schedule cycles was larger than in the Case Study A, the UAI indicator performance was very high (average 70%), meaning a high number of activities not planned in Phase Schedule/lookahead planning were performed in the commitment planning, which had a strong influence on the PPC result. In general, the unfinished and unplanned activities in Phase Schedule/lookahead planning contributed to a decrease in the PPC performance, demonstrated by the UUA performance (average of 76%). It is important to highlight that the result of CL and PRCO indicators of the first levelling mortar cycle were 0%, because the subcontractor responsible for the activities was unable to make the activities ready to start on the planned dates, influencing the finalexecution date. Also, due to the lack of drawings definition, the milestones of the master schedule were delayed.
EFFECTIVENESS OF THE PRACTICES AND PROCESS OF PHASE SCHEDULE
The effectiveness of the Phase Schedule practices was analyzed based on the constructs defined previously related to collaboration and transparency, and the effectiveness of the processes was analyzed based on the adherence between planning levels, reliability of plans and commitment with the deadlines.
 Collaboration: some strengths related to the collaboration construct were identified, such as: plan commitment, joint decision making and shared knowledge throughout the stages of Phase Schedule cycle; previous discussions between the team involved in setting goals; self-reorganization and better interaction between the team during the execution of the activities in the field; and verification of possible interferences and joint identification of constraints in a collaborative way.
 Transparency: the strengths identified were: the use of visual tools in the Phase Schedule meetings, allowing the verification of activities that would be performed simultaneously; the simplification of the information to transfer for those involved; and a better visualization of all activities in the phase schedule, facilitating the reorganization and increasing communication on site.  Adherence between planning levels: by analyzing the CL and PCR indicators, a relation between Phase Schedule and lookahead planning was noted, and it was possible to evaluate whether what was planned concerning the start dates of the activities and the due date for removal of the constraints was in fact achieved. The use of those metrics does not show a statistical correlation, since the PCR indicator only verifies the removal of all constraints at the due dates, not associating those constraints with the activities planned. This means that an activity may have several constraints eliminated, causing a high PCR, while another activity may have only one constraint not eliminated, resulting in a low CL performance. Analyzing the CL and PRCO results, there is an adherence between the lookahead planning and the commitment planning. Those provide information as to whether the activities that were ready to be executed during the lookahead were actually planned in the commitment plan and executed within the duration stipulated in the Phase Schedule. According to the results, there is no direct correlation between the CL and PRCO indicators, since other factors may influence the execution of the activities, having an impact on the PRCO results. Analyzing the PRCO and PPC, there is a relation between Phase Schedule and commitment planning, because the activities taken into account in the PRCO are part of the activities analyzed in the PPC, so if there is a high/low PRCO, the PPC will also be influenced by this result. The unplanned activities in Phase Schedule have an impact on the effectiveness of the planning, because there is a high percentage of those activities in the commitment plans that were not concluded. The UAI and UUA indicators complement the analysis of the PRCO and PPC indicators, because both provide information about the activities not planned in the Phase Schedule cycles.  Reliability of plans: the team that participated in the Phase Schedule meetings was also the one that monitored the constraints and activities planned, contributing to the reliability of plans. This construct can be also analyzed through the commitment to remove the constraints, which can be verified through CL and PCR indicators. For example, if an activity has all its constraints removed on thescheduled date, the activity will be executed as planned, improving the reliability of plans.  Commitment to the deadlines: the analysis of the complete activities on the expected dates in the master plan was performed through the analysis of the Time Deviation (TD)metric. Throughout the study, two important commitments were identified during the Phase Schedule cycle: (1) starting the activity on the planned date, which was evaluated by the CL, and (2) ending the activity on the planned date, which was evaluated by the PRCO.
CONCLUSIONS AND FUTURE RESEARCH
This paper aimed to present the results of the implementation and evaluation of the LPS focusing on the Phase Schedule practices based on two in-depth case studies carried out in Salvador-Brazil. This paper contributes to a better understanding of the Phase Schedule cycles, involving three main steps: Phase Schedule preparation, Phase Schedule meetings and monitoring of the planned activities and constraints. Also, this study established a set of constructs and metrics for the evaluation of the LPS, focusing on the Phase Schedule practices and processes. The constructs adopted were collaboration, transparency, adherence between planning levels, reliability of plans and commitment to the deadlines, and the metrics selected were Time Deviation (TD), Commitment Level (CL), Percentage of Constraint Removal (PCR), Percent Required Completed or Ongoing (PRCO), Percent Planned Complete (PPC), Unplanned Activities Included in the commitment planning (UAI) and Unplanned and Unfinished Activities in the commitment planning (UUA).
The results show that the constraints analysis, the collaboration between those involved and the transparency in the planning processes were improved in both Case Studies. Also, the metrics selected improved the adherence between planning levels, reliability of plans and commitment to the deadlines. Further, the findings show two main commitments made between those involved in the Phase Schedule cycle:to make the activities ready to be executed and to complete the activity within the deadline planned. The results show the activities which were not analyzed as critical for planning in the Phase Schedule had strong influence on the performance of the PPC.There are still opportunities to analyze the role of new metrics identified in the literature to evaluate the LPS, focusing on the Phase Schedule practices.
